Abstract. In this paper, a kind of new meshless method, two-level radial point interpolation method, has been developed to analyze the fully developed liquid-metal Magnetohydrodynamic (MHD) flow under the externally applied magnetic field in a circular duct with thin conducting walls. This method applied the radial point interpolation method (RPIM) to solve the two levels Galerkin weak form formulations. As the shape functions from RPIM possess Kronecker delta function properties, the essential boundary conditions of MHD flow problems are easily to be enforced. Numerical simulations of MHD flow in the circular duct with partial conducting walls are carried out, showing that the method is very stable in the computation.
Introduction
The study on the liquid metal Magnetohydrodynamic (MHD) flow in a duct has taken many interests of researchers due to its applications in the cooling system with liquid metals for nuclear fission or fusion reactors, electromagnetic pumps, MHD generators, etc. Since the analytical solutions can be achieved only in some simple cases [1] , [2] , numerical simulation has become a very important tool for MHD flow problems. The radial point interpolation method (RPIM), employing the radial basis function as its shape function, is a very attractive meshless method proposed [3] and analyzed [4] by JG Wang and GR Liu. The radial point interpolation method was employed by XH Cai et al. [5] to the fully MHD flow problems for Hartmann numbers less than 50. By using the residual-free bubble functions, L Zhang et al. [6] proposed a new meshless method-two level elementfree Galerkin method and applied it to fully developed MHD flow and obtained the numerical results for Hartmann numbers up to 10 4 . Compared with element-free Galerkin method, the shape functions from RPIM possess the Kronecker delta function properties, which make it easier and more accurately to enforce the essential boundary conditions.In this paper, a two-level radial point interpolation method (TLRPIM), which may enforce the essential boundary conditions directly, is proposed and applied to solve the fully developed MHD flow in a circular duct.
The physical problem
The external applied magnetic field 0 B is in the xy plane, which is also a cross section of the rectangular duct, but forming an angle D with the y axis. The flow direction is along the z axis, which is also the axial direction of the duct. Then the governing equations for the fully developed MHD flows can be written in nondimensional form [7] as If the thickness h of the duct wall is much smaller than the characteristic dimension a , the boundary conditions can be written as follows [1] : 
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in the MKS system. a is the characteristic length of the flow section.
Numerical method

Radial point interpolation method
An approximation of a continuous function V x defined on a domain Ω can be obtained through the point interpolation method by using radial basis functions (RBFs) and polynomial basis:
where R i x is a radial basis function associated with node i , In order to solve Eq. (4), a system of linear algebraic equations is given by
with the constraint equations:
where 
Substituting Eq. (6) into Eq. (4) yields:
are RPIM shape functions. The shape function obtained above possesses the Kronecker delta function properties, i.e.
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E.J. Kansa [8] , M. Sharan [9] , C. Frank [10] have deeply investigated on RBFs, such as multiquadrics function, Gaussian (Exp) function, and TPS function, and proposed some constructive suggestions on how to use them. In this paper, multiquadrics RBF is applied, which is defined as
where a c and q are shape parameters.
Two-level weak formulation
Using the weighted residual method, a weak form of (1) and (2), over : bounded by w: can be obtained as:
w : :
Assumed that velocity V and magnetic field B can be decomposed as: RPIM is applied to solve (18) and (19), and bubble functions , V B b b are obtained by RPIM with the adaptive upwind scheme [11] . Let
(20) and then Eq. (17) becomes:
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The bubble components , V B b b may be expressed in term of bubbles basis functions: 
Numerical simulations and analyses
Numerical simulations of the circular duct with partial conducting walls are presented in Figure 1 and 2 for Hartmann number 500 and 1000, respectively. For the circular duct, the walls are conducting in the section of 0.5 X t . The external applied magnetic field is parallel to the X-axis. Since there are no analytical solutions could be as comparisons to numerical solutions for MHD flow in circular pipe case, numerical simulation results in Figure. 1 and 2 show a very stable velocity profiles. It is seen that the side layers appear as that in the rectangular duct 07001-p.3 case [8] . Different from that the kind of hemicycle shape in the side layers, the velocity profiles in the side layer of the circular pipe show a kind of saddle shape, that is, the largest velocity appeared in the two sides of the side layers, not in the middle part as that in the rectangle duct.
Conclusions
A two-level radial point interpolation method has been proposed and applied for the fully developed MHD flow in a circular duct. Numerical simulations for MHD flows in circular pipe with Hartmann number 500 and 1000 were performed with good stability.
